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INTRODUCTION

This program is directed tawcrd the develapment of nan-thermol and metastable
ianizatian far clased cycle MHD electrical power generation systems with either metol
vapors ar seeded gases far naval applications. The program shall first, demonstrate
nan-thermal and metastable ianizatian, and second, generate octual power with sucli
ionizatian. The cagnizant scientist far ONR is Mr. Jock Satkawski, Pawer Brench, and

far ARPA is Dr. Jahn Huth.

SIGNIFICANT ACCOMPLISHMENTS

1. Wark on the General Electric "Race Trock" closed cycle experiment was
terminated, cs described by letter. This experiment had yielded some promising results
an the MHD campressar, but had suffered fram cracks and breakdawns af the MHD test
sectians. At the time of terminatian, new test sections were under construction.

2. Wark an the cycles and systems analysis was terminated, except far o brief
re-examinatian of the ejectar-gos cycle. The model previausly used ond reported in the
semi-annual report has been revised, ond a report cancerning the revised model is in
preparatian,

3. The barium diade experiment is now in aperatian again, fallowing construction
af o new and improved furnace.

4. Pawer generatian has been achieved in the M-2 shock tube, using Xenon.
Initially, about 0.5 amp per electrode was observed. With o slight increase in pressure,

the current per electrode increased ta 10 to 20 amps per electrode with o 2 ahm resistor.
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With the electrodes short-circuited, the electrode current hos risen to 200 to 400 amperes.
To obtain the absolute gas conductivity, the electrode sheath resistoncé must be determined,
and the Lin coil muct be colibrctéd; both are plaaned for the rext period. Preliminary
evaluation of the data indicates that magnetically induced ionization has been achieved
The cinespectrograph is presently being calibrated. This will be used in the next quarter to

determine the electran temperature.

BARIUM-ARGON HEATED DIODE

A second carbon tube furrace has been constructed and is in operating condition.
Several modifications have been incorporated into the design of this second furnace namely:
(1) larger window apertures so that the overall f number of the system is approximotely f-10;
(2) replacement of outer water jackets with copper tubing, thus reducing appreciably the
cost of the furnace; (3) replacement of mercury monometers with Bourdon type gouges -
thereby keeping mercury vapor out of the system. With our present power supply, temperatures
as high as 2000°C can be maintained. This temperature is quite adequate for our present
purposes.

Several attempts were made to use alumina in the construction of the barium diode.

In every case the barium appecred to ;ook into the alumina to such a degree that shorting
through the alumina end pieces resulted. Clouds of haze, presumably due to the presence of
barium oxides, also made spectrascopic measurements impossible. For these reasons alumina
was abandoned as o diode construction material. We have resumed the use of boron nitride
in the <.:o‘ns’truction of the diodes and have made several more non-thermal ionization

measurements. It was noticed that during the course of an experiment, the electrode spacing



in the diode can change considerobly and thereforc, we have modified the diode design
so that movement of the electrodes during heating is minimized. We ore currently using
this modified diode. It is anticipated that this modification will eliminate to a lorge extent
the non-reproducibility of the barium data. Tests are currently in progress.
Future Plons:
1} Obtoin reproducible data on non-thermal ionization of barium.
2} Observe electronic temperatures of the barium atom ond ion.

3) Study olkali metal system.

SHOCK TUBE EXPERIMENTS

The most significant progress made during the lost quarter wos the conclusive

experimental verification of the existence of non-equilibrium ionizotion in a mognetic field

using o segmented electrode MHD channel. The basis for this cloim is that the gos condue=
tivity was measured downstream of the MHD test section with and without the mognetic field.
It was observed thot os the magnetic field was increased the conductivity increased. In
addition to measuring the conductivity, the current flow in four of the sixteen electrodes

was measured as was the Hall voltage in the flow direction. All these measurements ore

essentiolly in agreement with each other.
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In addition o great deal of time was devoted to improving the diagnostic techniques
used on the shock tube. These include the heat transfer gauges for velocity and temperature
meosurement, ionization gauges for velocity mecsure.ment, photomultipliers for velocity ond
luminosity measurements and for friggering.

During the last quarter the General Electric Compony continued the fine facilities

support that this experiment hos received since its inception. An Fbert monochrometer wos



acquired with all its necesary accessories. The use of this monochrometer will be described
later. Two additional Tektronix Dual Beam oscilloscopes were acquired bringing the total
to five Tektronix Dual Beam Oscilloscopes (or the equivalent of ten single oscillascopes).
Without this large number of oscilloscopes, it would have taken s least three more months
to collect the experimental data we now have. The reason for this is that ofter a given
number of shocks the test section must be replaced. This is a very time consuming process.
In addition, plans are being made to acquire more capacitors to enable us to reach 50,000
gauss magnetic field,

The rotating drum spectrogragh which was built by the Spectroscopy group of the

General Electric Space Sciences Laboratory was completed and installed near the shock tube.

With the spectrograph time-resolved spectra can be obtained. The time resolution is 2
microseconds and the space resolution is 0.5 angstroms. With this one can obtain very
accurate dota of the rateof increase of mognetic ionization and of the electron temperature.

A mass spectrometer residual gos analyzer has been brough with G. E. facilities funds
and will be installed shortly on the shock tube. The purpose for using this instrument is to
determine the effect of impurities on the magnetically induced ionization.

Finally the shock tube was instrumented for easier and more automatic operation.

It should be pointed out that the reason a great deal of data was accumulated in the

last quarter was due to careful but lengthy preparation of the shock tube last year.

During the next quarter, calibration of the Lin coil and sheath re:istance will be made,

and cinespectrographic measurements of the Xenon excitation will be made. Correlation

“with the theory of electron heating will also be made,



SHOCK TUBE RESULTS — XENON
V=040 M/SEC., p =095 ATM.
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